Chiral Pool, Lactone, Isopropylidene, Olefination, Pheromone R -(-)(5Z )-4-hydroxy-5-tetradecenoic acid-4-lactone has been synthesized from D -glucose as the precursor. R egio and stereoselective transformations of hydroxyl groups as well as protection-deprotection protocols provide a novel route to this compound.
Introduction
Chiral 4-lactones (chiral y-lactones), substituted at the 4-position are often found in nature as pherom onal constituents [1, 2, 3] , as plant-growth regulators [4] , and as flavor components [5] . The physiological activity of these y-lactones often de pends on the optical purity and absolute config uration [6] , especially in the case of insect sex pheromones.
Asymmetric syntheses of them when used as chiral building blocks [7] or target molecules have been the subject of many studies both from the chemical [8] [9] [10] [11] as well as the enzymatic direc tions [12, 13] . Synthetic approaches to such com pounds can be grouped into four major categories: a) routes that involve chiral resolution of an ap propriate interm ediate [14] [15] [16] ; b) routes that utilize optically-active starting materials [17] [18] [19] [20] [21] [22] [23] ; c) asymmetric syntheses that are initiated with a suitable precursor [24] [25] [26] and d) routes that involve enzymatic approaches [27] . These m eth odologies, when applied, present different dis advantages.
A different approach to the synthesis of unsatu rated chiral y-lactones is presented herein, which takes advantage of the functional and stereochem ical features of a sugar derivative. The objective was to explore the utility of commercially avail able carbohydrates to synthesize (R )-(-)-(5 Z )-4-hydroxy-5-tetradecenoic acid-4-lactone, ( -) -l , specifically from a precursor such as l,2:5,6-di-0-isopropylidene-a-D-glucofuranose. In this com pound the exocyclic 1,3-dioxolane ring is much more susceptible to acid hydrolysis than the ring connected with the acetal group, allowing partial deprotection of the side chain as well as appropri ate functionalization.
Results and Discussion
The concept of chiral tem plates is well estab lished [28] and the usefulness of sugars as sources of known chirality has been discussed [29] . Most efforts have been focused on sugars such as D-ribose and D-glucose. The potential of furanoses as latent y-lactones from a single sugar pre cursor such as l,2:5,6-di-0-isopropylidene-a-Dglucofuranose [3] was explored. Retrosynthetic analysis of the target molecule revealed three major areas of concern: a) reactions that would allow inversion of the absolute stereochemistry at C-4 of the starting material 2 for the synthesis of ( -) -l ; b) coupling and stereoselective introduction of the Z-stereochemistry at C-5; and c) deoxy genation reactions to remove unwanted hydroxyl groups at C-2 and C-3. Aldehyde mesylate 3, scheme, which is readily obtained by standard pro cedures from 2, undergoes /3-elimination quantita tively in refluxing pyridine to give 4. The potential of 4 as chiral synthon is enhanced by the fact that catalytic hydrogenation of similar systems such as 3-deoxy-l,2:5,6-di-0-isopropylidene-a-D-glucose-3-ene occurs stereoselectively at the less hindered face, as dem onstrated by Weygand and Wolz [30] . Sun and Fraser-Reid [31] have described the prep aration of this m aterial and Nakanishi et al. [32] have prepared it from l,2:5,6-di-0-isopropylidene-3-0-/?-toluensulfonyl-a-D-glucopiranose [33] , by a similar route. Brown and Jones [34] have prepared 4 in poor yield from the 3-tosyl precursor by treat ment with sodium methoxide in dry m ethanol at room tem perature. l,2:5,6-Di-0-isopropylidene-a-D-glucofuranose 2 was prepared as described by Schmidt [35] and the aldehyde mesylate 3 was obtained in almost quantitative yield as a mixture of the free aide-0932-0776/95/1000-1537 $06.00 © 1995 Verlag der Zeitschrift für Naturforschung. All rights reserved. D hyde and its hydrated form [31] . Refluxing of 3 in the presence of pyridine afforded 4 as an unstable oil [31, 34] , This compound photodecom poses but it is stable indefinitely in the dark at low tem per ature. Partially hydrated 5 has been prepared in unspecified yield from precursor 4 by catalytic hy drogenation over palladium on carbon [34] . M ur ray and Prokop [36, 37] obtained this material from 3-deoxy-l,2:5,6-di-0-isopropylidene-a-Dgalactofuranose. Attem pts to hydrogenate 4 in a suspension of 5% palladium on carbon, equili brated with hydrogen prior to reduction, as re ported by Brown and Jones [34] , failed repeatedly. When either m ethanol or ethanol was used as a solvent and hydrogenation was perform ed at 2100 (Torr) for periods of 4 -1 2 h, low yields of product resulted. H ydrogenation of 4 was consistently achieved using ethyl acetate as the solvent and performing the hydrogenation at 2100 (Torr) to give 5 (in 50% purified yield).
Wittig olefination of aldehyde 5 was carried out with high stereoselectivity in dimethylsulphoxide (DM SO) as reported by Greenwald et al. [38] giving 6 (95% Z by glc) in 57% yield. The E,Z mixture was subjected to column chromatography upon which 6 was obtained free of the E-isomer. Acid-catalyzed methanolysis of 6 afforded an anomeric mixture of 7 in good yield. The 'H NMR spectrum of 7 displayed two signals for H -l, corre sponding to the two furanoside anom ers produced under the acidic reaction conditions. A singlet at d 4.87 appeared for the a-anom er, overlapping with the m ultiplet of H-4, and a doublet at 4.73 (71,2 = 2.5 Hz) for the ß-anomer. In addition, the relative intensities of the two methoxyl signals at d 3.45 (/3-isomer) and < 5 3.35 (a-isom er) indicated a ratio of ß:a of 1:4.5. The acetal mixture 7 could not be separated by column chromatography. Therefore, 7 was m ethanesulfonylated (mesylated) by treatm ent with mesyl chloride and triethylamine in m ethylene chloride, using the Servis and Crossland procedure [39] to afford mesylate 8. The 'H NMR spectrum of the major com ponent, after purification by column chromatography, showed a signal for the anomeric proton at d 5.11 as a broad triplet (/] 2 = 0.7 Hz), indicating an a-configuration for the anomeric carbon. The chemoselectivity and nucleophilicity of borohydride in polar aprotic solvents is well docum ented [40] . therefore crystalline mesylate 8 was deoxygenated with NaBH4 in hexamethyl phosphoramide (HM PA) at 80-100 °C for 24 h, giving 10 in 43% yield. Attem pts to improve yields and/or deoxygenate 8 using the powerful lithium triethylborohydride nu cleophile [41] (super hydride) in tetrahydrofuran (THF) under a variety of conditions, were not suc cessful. Considerable amounts of acetal 7 from sulfur-oxygen bond cleavage and some unreacted starting material were recovered, with only traces of the expected 2-deoxy com pound 10. detected by thin layer chromatography. The 2-O-tosyl de rivative 9 was then prepared to see if tosylate dis placement was more effective than the mesylate displacement had been. Treatm ent of the tosylate 9 with either sodium borohydride in HMPA at room tem perature and 100 °C or lithium triethyl borohydride in TH F at reflux resulted in only oxygen-sulfur bond cleavage instead of displacement. The use of the C u'H complex, reported by Masa- mune and coworkers [42] , in T H F resulted in oxygen-sulfur bond cleavage as well. In spite of the low yield experienced in the deoxygenation reac tion of 8, conditions were established for the mild hydrolysis of 10, using 0.01 N hydrochloric acid in TH F:H 20 , 1:1 at 5 5 -6 0 °C, which gave 11 in good yield. The target lactone ( -) -l was obtained by Collins [43] oxidation of 11 and was characterized by elemental analysis and spectral data which were in good agreem ent with those published for (R )-(-)-(5Z)-4-hydroxy-5-tetradecenoic acid-ylactone [14, 16, 19, 45] . The carbohydrate chiral tem plate approach, as outlined in this research, as com pared to the methods described before, does not appear to be a viable route to chiral-lactones. The difficulties encountered in specific deoxy genations of the methyl 3-deoxy-a-L-furanoside restricts the utility of this m ethod as a favourable route to this substance.
Experimental
Routine gas liquid chrom atography (gc) analy ses were run on a Varian 1400 flame ionization gas chromatograph, with packed glass columns con taining 3% OV-17 on Chrom osorb W.
Analytical (0.25 mm) thin layer chrom atography (tic) plates were prepared from silica gel G F254 (E. Merck, Darm stadt). Column chrom atography was perform ed by the flash chrom atography method [44] , on silica gel (Kieselgel 60, 4 0 -6 3 //m, E. Merck, Darm stadt).
Chrom atographic solvents were distilled before use. Low boiling (3 0-60 °C) petroleum ether was used for chromatography.
IR spectra were determ ined on a Perkin-Elm er 5993 spectrophotom eter. Samples were run as a neat film on NaCl plates, as KBr pellets or as solu tions in a cell with NaCl windows.
}H NMR were recorded on a Varian EM-360 (60 MHz) or a B ruker 400 (400 M Hz) NM R spec trom eter. Chemical shifts are reported in c) units, referenced to an internal standard (TMS) or to an internal (deuterium ) lock signal. Splitting patterns are described as: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; and combinations thereof. Coupling constants are reported in Hertz (Hz).
Low resolution mass spectra were obtained with direct insertion probe or gc-ms samples on a H ew lett-Packard 5985B coupled gas chrom atographmass spectrometer.
All samples were run using electron impact ionization (70 eV). Relative abundances are ex 
3-D eoxy-l,2,0-isopropylidene-ß-L -threo-pentodialdo-1,4-furanose [34] (5)
A solution of 1,2-O-isopropylidene-a-glyceropent-3-enodialdo-l,4-furanose (4) (14.6 g, 0.086 mol) in ethyl acetate (30 ml) was added to a sus pension of 5% palladium on carbon (1.46 g) (pre viously equilibrated with hydrogen) in ethyl ace tate (30 ml) and hydrogenated for 4 h. Removal of catalyst and solvent, followed by evaporation twice with chloroform, gave a mobile oil (9.9 g) which, after column chromatography using ether/ petroleum ether (3:2), afforded 5 (7.4 g, 50%). 
3,5,6-Trideoxy-l,2-0-isopropyliden-ß-L -threotetradec-5-(Z)-eno-furanose (6)

Nonylidenetriphenylphosphorane
Sodium hydride (2.28 g, 0.047 mol), as a 50% dispersion in mineral oil in a 250 ml three-necked flask, was washed with several portions of pentane to remove mineral oil.
The flask was equipped with a reflux condenser, a pressure equalizing dropping funnel and a mag netic stirrer. DM SO (50 ml) was introduced via syringe under a stream of argon and the mixture was heated at 7 5 -8 0 °C for 45 min. The resulting solution of methylsulfinyl carbanion [45] was cooled in an ice-water bath and nonyltriphenylphosphonium bromide [43] (24.2 g, 0.052 mol) in warm DMSO (50 ml) was added. The resulting dark red solution of the ylide was stirred at room tem perature for 20 min before use. A solution of 5 (7.4 g, 0.043 mol) in DMSO (15 ml) was slowly added and the reaction mixture was stirred at r.t. for 2 h. The reaction mixture was poured into icewater and extracted with ether (3x100 ml). The ether extracts were washed with water (2x100 ml) and brine (100 ml), dried (Na2S 0 4) and concen trated in vacuo to yield 6 (6.9 g, 57%) after column chromatography with ether/petroleum ether (1:1 
Methyl-3,5,6-trideoxy-a-L-threo-tetradec-5-(Z)-enofuranoside (7)
A solution of 6 (6.9 g, 0.025 mol) was dissolved in methanol (50 ml), containing 7 N hydrochloric acid (1.0 ml) at 0 °C (ice-water bath) and stirred at this tem perature for 10 min, after which time the bath was removed and the solution was stirred at r.t. for 1 h. The solution was then neutralized with 5% aqueous N a H C 0 3 solution (2x25 ml), extracted with ether (3x25 ml), washed with water and dried (Na2S 0 4). Evaporation of the solvent in vacuo gave a yellow oil which, after column chromatography with ether/petroleum ether (1 :1 ), yielded (7) ( To a mixture of acetal (7) (5.78 g, 0.023 mol) and triethylam ine (2.83 g. 0.028 mol) in methylene chloride (40 ml) at -1 0 °C was added a 10% ex cess of m ethanesulphonyl chloride over a period of 5 -1 0 min. The reaction was stirred for a further 2 h, after which the reaction mixture was transfer red to a separatory funnel with the aid of more methylene chloride (20 ml). The mixture was first extracted with ice-water (40 ml), followed by cold 10% hydrochloric acid (30 ml), saturated sodium bicarbonate solution (30 ml) and brine (30 ml). The methylene chloride solution was dried (Na2S 0 4) and the solvent removed to give an oil which, after column chromatography with ether/ petroleum ether (1 :1 ), gave 8 as a crystalline solid To a solution of acetal (7) (180 mg, 0.7 mmol) in pyridine (5 ml) was added p-toluensulfonyl chloride (400 mg, 2.1 mmol) and the reaction mix ture was stirred at r.t. for 24 h. The mixture was then poured into ice-water (40 ml) and extracted with methylene chloride (3x10 ml). The combined organic layers were washed with 10% aqueous so dium bicarbonate solution (15 ml), w ater (15 ml) and brine (15 ml), dried (Na2S 0 4) and concen trated in vacuo. Final traces of solvent were re moved by evaporation with toluene. The oily resi due was purified by chromatography on silica gel, elution with methylene chloride gave 9 (165 mg, A mixture of mesylate (8) (2.3 g, 6 .9 mmol) and NaBH4 (1.05 g, 27.6 mmol) in hexamethylphosphoramide (20 ml) was heated at 100 °C (oil bath) for 24 h. After the reaction mixture was cooled, water (20 ml) was added to quench the reaction. The aqueous mixture was extracted with ether 93x20 ml) and the combined extracts were dried (Na2S 0 4). The solvent was removed to give a yel low oil. Column chromatography, using ether/ petroleum ether (1:1) as an eluant, afforded (10 Acetal (10), (180 mg, 0.75 mmol) dissolved in a 1:1 mixture of THF/H20 (10 ml), was treated with 0.01 N hydrochloric acid solution (1 ml) and the reaction mixture was heated at 5 5-60 °C for 3 h with stirring. The solution was cooled and was ex tracted with ether (3x10 ml), washed with 10% aqueous N a H C 0 3 solution (10 ml), brine (10 ml) and dried (Na2S 0 4). Removal of the solvent in vacuo gave 11 (130 mg, 76%) as an oil, which was chromatographically homogeneous and was used directly. Oxidation of 11 was accomplished with the Collins reagent, dipyridine-chromium (Vl)-oxide (1.4 g, 8.8 mmol) in CH 2C12 (20 ml), prepared as described [42] . The mixture was stirred at room tem perature for 2 h, filtered through a short pad of silica gel and the solvent removed to give a residue which, after column chromatography with ether/petroleum ether (1:3), 
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